This paper assesses the accuracy of the SRTM v4.1 and ASTER GDEM v2 by comparing of sufficient number of ground control points (GCPs) 
INTRODUCTION
DEMs play a major role in watershed modeling and hydrological flow (Renschler et al., 2002) , evaluating erosion and environmental impact (Martinez-Casasnovas, 2003) , and understanding spatial yield variability (Kravchenko and Bullock, 2000; Kaspar et al., 2003) .
Originally released by the United States Geological Survey (USGS) in 2003, the Shuttle Radar Topographic Mission (SRTM) data contributes to the availability of homogeneous-quality elevation data around the world, especially for most tropical regions and developing countries (Bernhard et al. 2003) . The SRTM digital elevation model (DEM) data have two spatial resolutions: 1" (about 30 m near the equator) in the United States and a 3" (about 90 m near the equator) outside the United States. Meanwhile, the accuracy of SRTM DEM data has been assessed across many regions, such as South America (Bernard and Nicolas 2005, Jarvis et al. 2008 ), the United States and Thailand (Gorokhovich and Voustianiouk 2006) , Greece (George and Charalampos 2005) and globally (Berry et al. 2007 ) . Several publications on the accuracy of SRTM 90m resolution elevation data, affirm that its absolute vertical accuracy is in the order of ± 16m.
The Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) global digital elevation model (GDEM) released by NASA and Japan's Ministry of Economy, Trade and Industry features a higher spatial resolution (1" ) and wider land coverage (83
• N-83 • S) than the SRTM DEM. As the SRTM DEM has been successfully applied in many fields, the ASTER GDEM has gained much attention after its release in June 2009, but the accuracy of the newly released ASTER GDEM is primarily assessed in an official report. ASTER has an overall accuracy of around 17m at the 95% confidence level, evaluated by the ASTER GDEM (ASTER GDEM Validation Team 2009).
The accuracy of the DEM is highly important for the applications based on the three dimensional model of the land. Accuracy of the DEM varies according to position accuracy, frequency, distribution of the source data used, land structure, and DEM generating (interpolation) methods.
Aiming at the improvement of the quality and accuracy of these free DEM, several efforts towards the direction of fusion of overlapping DEMs have been made. The DEM resulting from fusion methods should be geometrically accurate by depicting the correct height information of the area, clean by eliminating blunders and errors which are present in the initial data and complete by modelling all the area in the highest possible resolution( Papasaika and Baltsavias 2009). The multi-source DEMs usually have different characteristics, such as pixel size, height accuracy, etc., and are generated from data of different acquisition techniques and/or dates. For multi-source DEMs combination, a number of DEM fusion strategies have been proposed (Papasaika et al. 2011 ), (Honikel1999) , (Gamba et al. 2003) , (Podobnikar 2006 
STUDY AREA
The study area Delta region (A) is located in Northern Egypt between latitudes 29.898 N and 31.17 N and longitude 29 E and 32.6 E with area about 45,000 km 2 . The study area West desert and Qena region (B) is located between latitudes 25.20 N and 27.45 N and longitude between 27.54 E and 34.14 E with area about 150,000 km 2 as shown in figure 1. The study area (A) is broad, alluvial land , covered with vegetation and characterized by almost flat terrain and moderate hilly landscapes, and coastal plains, while study area B includes a hilly terrain with some steep slopes with ground level ranges from about 125 to 2114 m above mean sea level(amsl). 
GPS Data
Among various methods of accuracy assessment, GPS survey provides the best way to map features on terrain with high accuracy. In this study ,the GPS points have been observed (116 points for the two study areas (Delta & Qena and west desart), by Egyptian Survey Research Institute using static GPS to obtain accurate three -dimensional coordinates (with a precision of 1 part per million) along with precise leveling techniques to measure orthometric heights (relative to MSL) based on Global geoid models (EGM96) .These GPS points were used to judge the accuracy of the two DEMs SRTM and ASTER for both regions.
ASTER GDEM and SRTM Data
The DEM acquired for the research was a 90 m spatial resolution SRTM version 4.1 which corresponds to the two study areas, which was downloaded from http://srtm.csi.cgiar.org., which it is available in 5 degree x 5 degree tiles, in Geographic decimal degrees projection, with WGS84 horizontal datum and EGM96 vertical datum. This version 4.1 was chosen for this research because it has been updated, and then released after using sophisticated interpolation and hole-filling algorithms (www.cgiarcsi.org).
Also The ASTER DEM version 2 corresponds to the same study areas. was downloaded from https://earthdata.nasa.gov/user, which are posted on a 1 arcsecond (approximately 30-m at the equator) grid, distributed as 1° x 1° tiles and referenced to the World Geodetic System (WGS84)/1996 Earth Gravitational Model (EGM96) geoid. 
Datasets Processing
. A 90 m spatial resolution SRTM DEM. was resampled to 30m ASTER DEM with the same elevation to generate equal spatial resolution for the two datasets, ASTER GDEM and SRTM DEMs data were extracted for the two study areas , and co registered to remove the potential horizontal Measurement of errors in DEMs is often impossible because the true value for every geographic feature or phenomenon represented in a geographic data set is rarely determinable (Goodchild et al. 1994 ). Uncertainty, instead of error, should be used to describe the quality of a DEM. To analyze the pattern of deviation between two sets of elevation data, conventional ways are to yield statistical expressions of the accuracy, such as the root mean square error, standard deviation, and mean. The most widely used measure is the Root Mean Square Error (RMSE). It measures the dispersion of the frequency distribution of deviations between the original elevation data and the DEM data, mathematically expressed as:
RESULTS AND ANALYSIS
Where: Z di is the i elevation value measured on the DEM surface; Z ri is the corresponding original elevation; n is the number of elevation points checked.
The larger the value of the RMSE, the greater the discrepancy between the two data sets
Standard linear regression models were developed between GPS and the corresponding DEM points values (single independent variable)for the study areas to calculate Std. Error of the Estimate and R 2 and RMSE ,and the resulted statistical parameters where tabulated in table 2. Standard linear regression analysis reveals strong correlation between (SRTM & ASTER) and GPS data for the two study areas. Since SRTM and ASTER data are available worldwide and it is hard to obtain specific field verification data everywhere( to be sure for the accuracy of these free DEMs and its suitability for certain project ) ,so use of developed and updated regression curves in various regions can become a practical tool for SRTM or ASTER applications in applied science.
Standard (or ordinary) linear regression models assume that variance is constant within all DEM dataset. The variance of the data is the average squared deviation of all elevation values from the mean, and the calculated variance is sensitive to unusually high or low values . In this study, in Qena ,Delta ,and in combination , the variance is not constant as the heights values are varying in some areas ( due to different topographic terrain in the same region (where the Nile pass through the two regions , also there are valleys area around the Nile for regions A and B and there are several mountains and hills which present in East Sahara and West Sahara in Region B and on the boundary area of Region A) so linear regression using ordinary least squares (OLS) no longer provides optimal model estimates. If the differences in variability can be predicted from another variable, the Weight Estimation procedure can compute the coefficients of a linear regression model using weighted least squares (WLS) (SPSS vrs15 Help). Weight Estimation procedure tests a range of weight transformations and indicates which will give the best fit to the data. Aspect identifies the downslope direction of the maximum rate of change in value from each cell to its neighbors and the Topographic Position Index (TPI) is the basis of the classification system and is simply the difference between a cell elevation value and the average elevation of the neighborhood around that cell. Positive values mean the cell is higher than its surroundings while negative values mean it is lower. The degree to which it is higher or lower, plus the slope of the cell, can be used to classify the cell into slope position. If it is significantly higher than the surrounding neighborhood, then it is likely to be at or near the top of a hill or ridge. Significantly low values suggest the cell is at or near the bottom of a valley. TPI values near zero could mean either a flat area or a mid-slope area, so the cell slope can be used to distinguish the two ( 
Accuracy Improvement
Accuracy improvement was ascertained by comparing standard errors of the estimate (S.E.E.) resulting from Weight Estimation Regression models (with SRTM or ASTER, aspect, and TPI(weight variable) as independent variables ) and linear regression analysis (with SRTM or ASTER as a single independent variable). GPS data represented dependent variable in both analyses. In all cases, application of Weight Estimation Regression models resulted in smaller S.E.E. Table 3 describe the developed multiple linear regression models using weighted least squares (WLS) for SRTM and ASTER datasets among study areas A , B and in combination , and the improved Std. Error of the Estimate and R 2 . The developed multiple regression models reducedthe SEE for Delta from 13.584 to 9.502 for SRTM dataset and from 12.538 to 9.101 for ASTER dataset For (B) SEE reduce from 7.879 to 1.725 for SRTM dataset and from 11.006 to 5.769 for ASTER dataset .TPI and Aspect of the terrain was found to have influence on the errors in SRTM and ASTER datasets. Also it was noticed from the tables 2 and 3 that R 2 where increased relatively.
CONCLUSIONS
Analyses presented in this paper indicated that Absolute vertical accuracy of SRTM and ASTER data for A and B study areas proved to be less than the value of 16 m and 17 m presented in the original SRTM and ASTER requirement specification respectivly. Both TPI and Aspect characteristics of the terrain have significant impact on accuracy of SRTM and ASTER data. Accuracy particularly suffers on terrains with ( ridge TPI ). Influence of the vegetation cover Delta region was not assessed in this study, and it is assumed that in both geographic areas vegetation covers uniformly and hence the associated error would be constant and, therefore, would not affect the regression models. The results of accuracy assessment depend on the number of GPS readings per one spatial unit of SRTM and ASTER data. The more GPS readings would be available, the more accurate the final estimation will be. 
